The tumor volume was calculated using the equation
Irradiation
Tumors were irradiated with a single dose of 10 Gy at 7 days after implantation, when the diameter reached approximately 7-8mm. The mean tumor volume at irradiation was about 200mm3. Irradiation was performed with a Stabilipan2 X-ray machine (Siemens) operating at 180 kV and 20mA with a 0.5mm copper filter, giving a doserate of 1.80Gy/min. An adjustable cylindrical cone 20 mm in diameter was used to limit the radiation beam to the tumor. During irradiation, the mouse was restrained without anesthesia. 31P MRS Fig. 2 shows the spectral changes after irradiation. 
31P MRS and radiation response
The ATP/Pi ratio increased during the first 8 hours after irradiation with a dose of 10 Gy. However, the ratio decreased almost linearly after irradiation with a dose of 20 Gy. They attributed these spectral changes to radiation-induced necrosis. Koutcher et al. found an increase of the PCr/Pi ratio in large mouse fibrosarcomas (>250mm3) 48 hours after irradiation at a dose of 70-100 Gy13). On the other hand, small tumors (<250mm3) with a lower hypoxic cell fraction (0-4%) showed no major spectral changes after irradiation. The different metabolic changes of small and large tumors with the same histology are compatible with radiation-induced reoxveenation of the large tumors.
Tozer et al. found an increase of PCr/Pi, ATP/Pi, and pH in RIF-1 tumors following irradiation3,4). Blood perfusion of the tumors was also found to increase after irradiation, and the spectral changes appeared to be closely related to changes in tumor blood flow.
ATP/Pi ratios were also found during the first five days after irradiation at a dose of 10 Gy. These changes were considered to result from reoxygenation caused by cyto- 
